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THE HYDROGEOLOGY OF THE NEW ROCKFORD AQUIFER SYSTEM
IN WELLS COUNTY, NORTH DAKOTA

By
J. C. PATCH and G. W. KNELL

INTRODUCTION
General statement
In April, 1986, the Environmental Protection Agency (EPA) requested the assistance of
the North Dakota State Department of Health and the North Dakota State Water Commission
in making a hydrogeologic investigation of a segment of the New Rockford aquifer in
north—central North Dakota. A petition had been filed by a Wells County resident with the
Environmental Protection Agency requesting that they designate the New Rockford aquifer as a
Sole—Source aquifer. In order for an aquifer to be designated as a Sole—Source, it must supply
50 percent or more of the drinking water for an area. In addition, if the aquifer were to become
contaminated, a significant hazard to public health would result.
The segment of the aquifer being investigated is the region surrounding the municipal
water supply wells for the city of Fessenden in Wells County. Prior to this investigation, only a

minimal amount of data was available on the ground—water flow system in this area.

Purpose and objectives
To provide a basis for making a sole source designation of the New Rockford aquifer, an
understanding of the hydrogeologic framework of this area is necessary. The objectives of this
study were to assess the following:
1) The size and shape of the aquifer, including the amount of overlying till and
the depth to the underlying bedrock;
2) the ground—water flow system in and adjacent to the aquifer; and

3) the chemistry of the ground water and its relationship to the flow system.



To accomplish these objectives, a detailed investigation of the New Rockford aquifer in
Wells County began in July 1986.

A two phase study approach was implemented. In Phase |, the spatial distribution of
the ground water levels and water quality were assessed for the entire study area. Phase I
entailed a site specific analysis and assessment of ground—water movement through till overlying
the aquifer.

For Phase I, 13,979 feet of test hole were drilled at 45 sites, forty piezometers were
installed and 57 water samples were collected and analyzed for major chemical constituents.

Six of the sites from Phase | were chosen for Phase Il analysis. An additional 938 feet of
test drilling was completed and 18 additional piezometers were installed at these six sites.
Fifty—nine water samples were collected and analyzed for certain environmental isotopes and 18

water samples were collected and analyzed for major chemical constituents during Phase Il.

Description of the study area

The study area is limited to a six township rectangle east of Harvey and north of
Fessenden. The Fessenden municipal supply wells are near the center of the study area. The
townships included are Township 149 North, Range 69 West; Township 149 North, Range 70
West; Township 149 North, Range 71 West; Township 150 North, Range 69 West, Township
150 North, Range 70 West, and Township 150 North, Range 71 West, all in Wells County.

The study area is located in central North Dakota in the Drift Prairie district of the
Central Lowland physiographic province (fig. 1). The area is characterized by ground and end
moraine deposits, lake deposits, and glacial outwash deposits.

The topography of the land surface in the study area ranges from nearly flat to hilly.
Elevation ranges from a high of 1645 to a low of 1470 in the Sheyenne River valley. Most of the
area consists of a gently undulating land surface.

The area is drained by the Sheyenne and James Rivers. Integrated drainage is present

throughout the study area and some small undrained depressions also are present (Burtula,
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FIGURE 1. Study area location.
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1970).

The area has a sub—humid continental climate with warm summers and cold winters.
The average annual precipitation is about from 16.5 to 18.0 inches. Most of the precipitation
occurs as rainfall from April through September. Average monthly temperature ranges from

about 5%F. in January to 70°F. in July (USWB, 1982).
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Previous investigations
The geology and ground—water resources of Wells County were first discussed in a
report by Simpson (1929) which described ground water conditions in North Dakota during
1911-1913.
Abbott and Voedish (1938) published a report on the municipal ground—water supplies
of North Dakota that included data on several wells in Wells County.

Unpublished data on the ground—water conditions in the vicinity of Fessenden were



prepared in 1945 by T. G. McLaughlin, in cooperation with the North Dakota Geological Survey
and North Dakota State Department of Health. Part of McLaughlin's work was included in 3
report by Filaseta (1946).

A ground-water survey of Wells County was conducted on a cooperative basis by the
North Dakota State Water Commission (NDSWC), the North Dakota Geological Survey
(NDGS), and the United States Geological Survey (USGS). The results of the survey are
reported in three parts. Part |, Geology, is a comprehensive investigation of the surficial geology

and a general study of the sub—surface geology (Bluemle, et. al., 1967). Part Il, Basic Data, is

a compilation of well records, test hole logs, well logs, water level measurements, and chemical

analyses (Burturla, 1968). Part lll, Ground—Water Resources, presents a general evaluation of

the water yielding potential and chemical quality of major aquifers in the bedrock and glacial
drift of Wells County (Burturla, 1970). Preliminary identification and mapping of the New
Rockford aquifer in Wells County was accomplished by the county ground—water study.

Jon Reiten (1985), prepared an unpublished report on the hydrogeology of the New
Rockford aquifer system. He discusses the hydrogeology of the aquifer for its entire length

across several counties, including Wells County.

Location—numbering system

The location—numbering system used in this report is based upon the location of a well
or test hole in the Federal system of rectangular surveys of public lands (fig. 2). The first
number denotes the township north of a baseline and the second number denotes the range
west of the Fifth Principal Meridian. The third number indicates the section in which the well
or test hole is located. The letters A, B, C, and D designate, respectively, the northeast,
northwest, southwest, and southeast quarter section, quarter—quarter section and
quarter—quarter—quarter section (10 acre tract). Thus well 149—69—12AAA would be located in
the NE'/4 NE!/, NE!/4 Section 12, Township 149 North, Range 69 West. Consecutive
terminal numerals are added if more than one well is located within a 10 acre tract. In this

study, the first well drilled would be 12AAA, the second AAAL, the third AAA2.
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FIELD METHODS
Drilling and installation of piezometers for Phase |

From July, 1986 to May, 1987, test holes were drilled at 45 sites in the study area. A
forward mud rotary drilling rig was used to drill all test holes during Phase . A geologic
description of lithologies penetrated was prepared by the site geologist and a driller's log was
prepared by the driller at each site. ~Geophysical logs including gamma, neutron, single point
resistance, spontaneous potential, 16" normal resistance, and 64" normal resistance were run at
most of the drilling sites.

Forty—five piezometers were installed at 34 of the 45 drilling sites. A 4 3/, inch pilot
hole was drilled at each site. At selected sites, the 4 3/, inch hole was reamed to 6 1/, inches
to allow insertion of both the well casing and a tremie pipe. The piezometers were constructed
with 20 foot lengths of 2 inch or 1 1/4 inch diameter SDR 21 pvc pipe and a .012 inch or .018
inch slot pvc screen. Screen lengths were generally 5 feet. A check valve was attached to the
bottom of the screen. All casing joints were assembled with pvc solvent weld cement. Once
inserted, the hole was backwashed with clean water to purge the hole of the drilling fluid. A 1
1/4 inch pvc tremie pipe was used to place sand pack around the screened interval and also to
inject a cement slurry into the annulus from the top of the sand pack to land surface. At
selected sites, the formation was collapsed around the screen, rather than sand packed. The
collapse method was used where the overlying till was continuous with no significant sand and
gravel lenses. After backflushing, compressed air is pumped through the casing and screen
which blows the water from the annulus, causing the formation to collapse around the screen.
When blown with air, the more competent till would stand open while the sand and gravel
would generally slump into the hole. The annular space was then grouted from the top of the
collapsed sand to land surface through a tremie pipe.

The sand pack was medium size (#10), commercially processed, quartzose sand. The
grout consisted of either a neat cement slurry, or a mixture of a high solids bentonite grout and

water. The neat cement slurry consisted of a 5% by weight bentonitic mix with portland



cement. Approximately 9 gallons of water were used per bag of cement.

All water used in the drilling operation was obtained from the city of Harvey's municipal
New Rockford aquifer well, or Fessenden's municipal New Rockford aquifer wells.

Upon completion, the wells were developed by pumping with the air lift method. A small
diameter rubber air compressor hose was inserted down the well to just above the screen. The

wells were pumped usually 4 to 8 hours at approximately 1 gallon per minute.

Drilling and installation of piezometers for Phase li
In November, 1986, 18 piezometers were installed at six sites. A truck mounted
hollow—stem auger was used to drill all holes. A continuous core sample device was used to
collect core samples from the deepest hole at each of the six sites. A lithologic description was
prepared by the site geologist. Selected core samples were saved for laboratory analysis.

The piezometers were constructed with 20 foot lengths of 2 inch diameter SDR 21 pvc
pipe with screen lengths ranging from 2.5 to 20 feet. Screen slot sizes were either .012 inch or
.018 inch. A plug was placed on the bottom of the screen. All pipe connections were
assembled with pvc solvent weld cement.

Once the holes were drilled to the desired depth, the pipe was installed through the
hollow stem of the auger. The auger flights were then pulled from the hole leaving the well
casing in place. The well screen was packed with either #10 commercial silica sand or
"buckshot" gravel (coarse sand to 3mm gravel). Bentonite pellets were placed on top of the
sand pack to a thickness of 2 to 3 feet. The annulus was then filled to land surface with a 5%
by weight bentonite neat cement slurry. No water other than what was used for mixing the
cement, was used in the drilling process for Phase |I.

The auger hole drilled at nest site 149—69—4bbb was drilled through an 8 inch steel
casing installed from land surface to a depth of 30 feet. The casing was installed to prevent a
surficial sand and gravel unit (Heimdal aquifer) from collapsing into the hole when the auger

flights were pulled up. An 113/4 inch diameter bit was used to drill down 30 feet. The casing



was set in place and the annular space was grouted with a neat cement slurry.

Measurement of water levels

Upon completion of the piezometers for phase | and Il, water levels were monitored on a
monthly basis. In addition, 7 wells which were installed for the county studies program in the
mid 1960s were incorporated into the monitoring network.

Water level measurements were obtained by running a chalked steel tape into the
piezometer and recording the depth to water from the measuring point to the nearest 1/100
foot. On all of the wells with the exception of two (149—71-19CDD and 149—71-31CCB),
measuring point and land surface elevations were determined by differential leveling techniques.
The level circuits were completed to mean sea level elevation. The circuits were run with third

order accuracy and the elevations were recorded to the nearest 1/100 foot.

Chemical sampling procedure

Water samples were collected for all wells completed in Phase | and Phase Il of the study
for major anion/cation analysis. Selected wells were also sampled for tritium and the stable
isotopes of oxygen and hydrogen. The chemical parameters as well as methods of analysis used
in this study are listed in Table 1 (p. 81).

Johnson—K.eck submersible pumps were used to pump the wells at a rate of generally 0.5
to 1.5 gallons per minute. Wells which could be pumped continuously without going dry were
pumped until at least three casing volumes of water were removed before the sample was
collected. Wells which could be completely evacuated were either pumped or bailed dry and
allowed to recover twice before the sample was collected.

Conductivity, temperature, and pH measurements were taken for each ground—water
sample in the field at the time of sampling. The amount of dissolved oxygen present in
ground—water samples was also measured in the field for selected samples.

A oneiter, 0.45 micron filtered sample was collected for major anion/cation analysis.



Two 120—ml samples were collected, 0.45 micron filtered, and preserved with nitric acid for iron
and manganese analysis. Also, a 120—ml non—filtered sample was collected in a glass vial with
zero head space (to eliminate any evaporation) for %0 (oxygen—18) and 2H (deuterium)
analysis. Finally, a oneliter non—filtered sample was collected into a glass container for

Tritium analysis.

Slug test procedure

Slug tests were conducted on selected wells to determine hydraulic conductivities. Slug
tests were conducted by dropping a solid cylinder of known volume below the water level in a
well, thereby creating an instantaneous rise in the water level and then recording the water level
equilibration. A cylinder was designed and fabricated of steel pipe and capped at both ends.
When fully submerged, the cylinder raised the water level one meter (3.28 feet) in the 2 inch
piezometers installed for this study. The re—equilibration of the water level with time was then
measured with an electric water level sensor at specific time intervals. On two wells screened in
non—fractured till (149—69—09CBB4 and 149—69—24BCC3), a continuous water level recorder

(Keck water level sensor) was used to monitor the water level re—equilibration.
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GEOLOGY
Formation of the New Rockford buried valley

The New Rockford aquifer occupies a portion of a broad buned valley assocnated with
Pleistocene glaciation. The valley trends generally northwest to southeast Ttﬂiﬁe valley probably
developed as Pleistocene glaciers advanced southward and blocked thefmorth ﬂowmg drainage,
diverting it to more southeasterly routes. The most important of the preglatnal Tnorth flowing
drainage in this area were the Knife and Cannonball Rivers which ﬂowed from southwestern
North Dakota (Bluemle et al., 1967). |

Bluemle et al. (1967), named the resulting valley the Helmdal trench Trapp (1968),
renamed the Heimdal trench the New Rockford channel to avoid confusion with the Heimdal
diversion channel, a surficial meltwater feature named by Lemke (1960). Burturla (1970),
preferred the use of the term valley rather than channel and his terminology is used in this
report.

The New Rockford valley was filled with glacial drift as a result of the Pleistocene
glaciation. There is no surface expression of the New Rockford buried valley. A typical section

of the New Rockford valley, the glacial drift fill, and the underlying bedrock is shown on figure
3.

Formation of the New Rockford aquifer

During the Pleistocene epoch, proglacial lakes formed when advancing ice dammed
existing rivers or when ice lobes retreated from their position of maximum advance.
Drainageways that connected the proglacial lake are of two types: rvnelt—water‘streams, and
glacial lake spillways. i

Melt—water streams deposited coarse outwash sediment of broad fluvial plains in front of
glaciers. These rivers formed braided, aggrading fluvial systems. Spillways are narrow, deep
trenches usually incised through the glacial drift into bedrock. These valleys are basically huge

channels that were cut by sudden catastrophic drainage of glacial lakes. Spillways are therefore
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erosional rather than depositional features (Kehew, 1982; Kehew and Boettger, 1986; Lord and
Kehew, 1987).

The New Rockford aquifer probably originated as a glacial lake spillway erosional event.
Most of the channel fill sediments were probably deposited during interglacial periods (Kehew
and Boettger, 1986). The complex spatial distribution of hydraulic heads in some areas of the
aquifer system may reflect an anastomosing channel pattern of the original erosional event

where the main trunk bifurcates around bedrock and till obstacles.

Stratigraphy

The Pierre Formation of Cretaceous age unconformably underlies the Pleistocene
deposits of the Coleharbor Group throughout most of the study area. The Pierre Formation is
composed of dark gray to black noncalcareous clay or shale and is believed to have been
deposited in an offshore, marine environment.

The Fox Hills Formation of Cretaceous age conformably overlies the Pierre Formation
and unconformably underlies the Coleharbor Group generally to the south and west of the study
area. The Fox Hills lithologies in the study area consists generally of silt and silty clay with
some interbedded lignite and lignitic shale. It is gradational downward with the clay and shale
of the Pierre Formation. The Fox Hills Formation is believed to have been deposited in a
marine coastal environment.

The Pleistocene Coleharbor Group unconformably overlies the Pierre Formation in the
study area and also unconformably overlies the Fox Hills Formation to the south and west of
the study area. The Coleharbor Group is divided by Bluemle (1979) into three main textural
facies: (1) till, (2) silt and clay, and (3) sand and gravel.

The till facies of the Coleharbor Group is present throughout the entire study area
ranging in thicknesses from 20 to 150 feet. The till is an unsorted mixture of material ranging
in grain size from clay to boulders. Generally, till in the study area consists of nearly equal parts

of sand, silt, and clay. Based on a textural analysis of twelve cores (table 2, p. 82) the till is
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composed of:

I.) Clay (<2 microns) — 20 to 25 percent

2.) Silt (250 microns) — 35 to 45 percent

3.) Sand and gravel (>50 microns) — 35 to 45 percent

The percent sand, silt, and clay with depth for various sites is shown in figure 4. The
grain size composition of the till samples analyzed is fairly consistent below approximately 15
feet below land surface (fig. 4).

The unweathered till is characterized by medium to dark gray color and a very firm,
cohesive texture. The weathered till is characterized by a yellow, rust color due to oxidation.
Several fracture planes were intersected during continuous coring within the till. The fractures
were present in all of the core samples taken of the weathered till. The fracture planes are
randomly oriented and variably spaced. Iron and manganese staining is common along fractures
with gypsum crystals evident in some fractures. Fractures observed in the till were not noted
more than eight feet below the weathered till zone, and fractures were not detected in the till
deeper than 27 feet below land surface.

The silt and clay facies of the Coleharbor Group is believed to have been deposited in a
glaciolacustrine environment. The lithology ranges from clay and silt to fine sand. A 180 foot
sequence of silt and clay deposits occur in the north—central part of the study area at
150—70—32ABB. Based on a textural analyses (table 2, p. 82) of five samples the silt and clay
facies is composed of:

1.) Clay (<2 microns) — 0.2 to 14.1 percent

2.) Silt (2-50 microns) — 8.8 to 78.7 percent

3.) Sand (>50 microns) — 7.2 to 91.0 percent

The sand and gravel facies of the Coleharbor Group is believed to have been deposited in
a glaciofluvial environment. Surficial expressions of the sand and gravel facies in the study area
are generally kames and eskers. Also, the Heimdal aquifer exists as a surficial melt water

channel deposit in the study area. The sand and gravel facies in the subsurface occurs as

14



DEPTH OF SAMPLE

FIGURE 4. Clay, silt and sand fraction of the glacial till with depth at various locations.
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extensive buried—valley deposits which include the New Rockford aquifer and the Manfred
aquifer. Less extensive, subsurface sand and gravel deposits occur as discontinuous layers or
lenses scattered throughout the till facies.

The Oahe Formation of Holocene age overlies the Coleharbor Group in parts of the
study area. It includes pond and slough sediment, colluvium, river sediment, and windblown
sediment. The Oahe Formation in the study area occurs as surficial alluvial sediments along the

Sheyenne River valley and the Heimdal channel.
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GROUND WATER HYDROLOGY
General statement

The science of ground—water hydrology relates to all aspects of the occurrence and
movement of water in the subsurface. The discussion in this section, however, will be limited to
the physical size and shape (the geometry) of the aquifers present in the study area, and the
hydraulic flow system in and adjacent to them.

The geometry of the aquifers is interpreted from the test drilling. The hydraulic flow
system is interpreted from the measurements of the hydraulic head (water level) in the
piezometers.

The hydraulic head is a physical quantity, capable of being measured at any point in the
flow system. The total hydraulic head is the sum of two components; the elevation head and
the pressure head. The direction of ground—water flow will always occur from regions of higher
hydraulic heads to regions of lower hydraulic heads regardless of direction in space. The
potential for ground—water flow is determined from the hydraulic gradient. The rate of
ground—water flow, however, is limited by the hydraulic conductivity.

The rate of ground—water flow is related to the hydraulic gradient and the hydraulic
conductivity as defined by Darcy's law:

v=—K/n dh/dl
where:
v = velocity of flow
K = hydraulic conductivity
dh/dl = hydraulic gradient
= porosity

Discharge areas from confined aquifers to the land surface can occur where the
potentiometric surface is at or above land surface. Topographic low areas are where discharge
to the surface from confined aquifers usually occurs.

In a glaciated prairie environment, a water table condition is generally present in the
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surficial till overlying a buried aquifer. If the surface of the water table in the surficial till is
above the potentiometric surface of the underlying aquifer, recharge to the aquifer can occur
from downward flow through the till.

Water movement into the aquifer through the till is mainly by flow in the primary
porosity (interstitial flow) of the till. However, fractures (secondary porosity) present in the

upper 20 to 30 feet of the till increase in the hydraulic conductivity substantially.

Ground water occurrence in the study area

Ground water in the study area occurs as interstitial water in clay, silt, sand, and gravel.
There are three major sand and gravel units within the study area which readily transmit water;
the New Rockford aquifer, the Heimdal aquifer, and the Manfred aquifer (fig. 5). The
finer—grained sediments surrounding these aquifers also store water but do not as readily
transmit it. Nevertheless, the sediments surrounding the aquifers play an important role in the
entire ground—water flow system. The finer—grained sediments adjacent to the aquifers in the
study area are glaciolacustrine clay and silt; glacial till composed of sand silt and clay; and
bedrock sediments composed of clay, silt, and shale.

Several cross—sections have been prepared to show the relationships of the stratigraphy
in the study area. The cross—sections are presented in figures 6, 7, and 8 and are shown in map

view on plate 1.

New Rockford Aquifer
The New Rockford aquifer is a channel deposit which developed sometime before the
Late Wisconsin glaciers occupied this part of North Dakota. The aquifer consists generally of
sand and gravel with some small amounts of clay and silt. The sand and gravel is rounded to
angular and consists predominantly of igneous and metamorphic rock fragments, quartz,
carbonates, shale and lignite.

In the study area, the New Rockford aquifer ranges in thickness from a few feet on the
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flanks to over 250 feet at test hole 149—69—06DCC. The average thickness in the study area is
approximately 125 feet. The aquifer is usually present in the zone of 1250 to 1450 feet above
mean sea level within the study area. The aquifer is generally incised into glacial till down to
the underlying bedrock. The width varies from approximately 1 1/, miles wide south of Heimdal
(figure 6, cross section B—B'), to 5 miles wide south of Hamburg (figure 8, cross section E—E').

A bedrock high exists between the Fessenden city well field in 149—70—4DAA and the
observation wells in 149—70—09DAA (figure 7, cross—section C—C'). At test hole
149—-70—09ADD, the Pierre Formation was encountered at a depth of 60 feet below land
surface. The test hole was drilled to a depth of 260 feet below land surface to ensure that the
anomalously high occurrence of bedrock here is not a bedrock shove block. The bedrock high
may be an erosional remnant left by a glacial lake outburst. The outburst may have formed an
anastamosing channel and bifurcated around this obstacle.

The thickest continuous interval of sand and gravel encountered occurs at test hole
149—69—06DCC. The sand and gravel extends from 33 feet to 285 feet below land surface. At
this location, the top of the aquifer occurs at a much higher elevation than at any of the
surrounding test holes. The upper part of this sand and gravel interval may represent a younger
fluvial sequence that was deposited on top of the older channel fill of the New Rockford aquifer.

The continuity of the aquifer is truncated by a low—transmissivity (T) barrier south of
Heimdal. The barrier was intersected at test hole 149—70—4BBB. The transverse barrier may
represent a glacial lake spillway that developed by catastrophic flooding as nearby proglacial
ice—dammed lakes were breached (Kehew and Boettger, 1986). Catastrophic flooding is a
mechanism that could account for the development of narrow trench—like channels which
contain fine grained fluvial and lacustrine sediments consisting predominantly of silt and clay.
The catastrophic flood hypothesis is supported by the occurrence of over 180 feet of lacustrine
clays and silts at 150—70—-32ABB. A re—advance of the ice deposited till above the fine grained
fluvial and lacustrine channel fill.

Glacial scouring is another mechanism that could produce a transverse
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low—transmissivity barrier. Local glacial readvances into the ice marginal river valley could
remove the glaciofluvial channel fill deposits and replace them with blocks of till.

Water levels measured in the piezometers east of the low—T barrier are 18 to 20 feet
higher than water levels measured west of the barrier. A potentiometric map of the New
Rockford aquifer (fig. 9) shows that the lateral hydraulic gradient on the western side of this
divide is very small. There is, however, a slight gradient toward the Sheyenne River indicating
that the Sheyenne River valley is a local discharge area for the New Rockford aquifer.

The potentiometric map (fig. 9) also shows that ground water in the eastern part of the
study area flows generally eastward. The Iaterél hydraulic gradient ranges from nearly flat to 4
feet per mile. Using an estimated hydraulic conductivity of 400 feet per day for the type of
material found in the aquifer, the velocity of the water is probably not more than 300 feet per
year laterally.

A residual cone of pressure relief occurs around the Fessenden well field. The well field
has not been used extensively since December 1986 and water levels in this area are recovering
to pre—pumping static conditions. The city of Fessenden has been purchasing water for its
municipal supply from Wells County Water Association since January 1987.

The sand and gravel interval south of a bedrock high in 149—70—9AAD is not in direct
hydraulic connection with the rest of the aquifer.  The water level in piezometer
149—70-9DAAL is 10 to 15 feet higher than in other piezometers north of the bedrock high. In
addition, anomalously high water levels in three other piezometers, 149-70-3CBB,
149—70—03DDD, and 150-70—32CCC, indicate the zone in which they are screened is not in
direct hydraulic connection with the rest of the aquifer. At these three sites, an upper and a
lower sand and gravel unit are present, separated by a low—transmissivity clay and/or clay and
silt unit. The piezometers are screened in the lower sand and gravel unit. The anomalously
higher water levels in the lower sand and gravel unit show the complex spatial distribution of the

stratigraphy typical of the depositional environment in which the aquifer was deposited.
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Heimdal aquifer

The Heimdal aquifer occupies a surficial glacial melt—water channel that overlies the
New Rockford aquifer for much of its reach (figures 7 and 8, cross—sections C—C', D-D', and
E-E"). The Heimdal aquifer is associated with Late Wisconsin diversion channels and is
generally 1/3 to 1 mile wide with an average thickness of approximately 30 feet. The aquifer is
composed of fine sand to cobbles. The aquifer material consists of quartz, igneous and
metamorphic rock fragments, carbonates, lignite and shale. The Heimdal and New Rockford
aquifers are separated by 25 to 100 feet of till. at the five test hole sites where both aquifers
were encountered.

Water in the Heimdal aquifer occurs under unconfined conditions. The aquifer is
underlain by glacial till. Several sloughs are present in the Heimdal channel. The sloughs are
windows in the water table of the Heimdal aquifer. A water table map of the Heimdal aquifer is
presented in figure 10. The map shows flow in the Heimdal aquifer is generally eastward.
Evapotranspiration from the connected surface water bodies directly affects the water level in
Heimdal aquifer as declining water levels in the sloughs coincide with water level declines in the
aquifer. Conversely, the influx of surface water runoff into the Heimdal valley increased the
water level by at least 3 1/2 feet in the Heimdal aquifer during the snowmelt in March 1987.

Higher water levels in the New Rockford aquifer compared to water levels measured in
the Heimdal aquifer at three sites where both aquifers are screened (149—69—04BBB &
04BBB1, 150—70—27DDA & DDAL1, and 150—70—35AAD & 25CCC measured on September
10, 1987) shows that the Heimdal valley is a discharge area for the New Rockford aquifer. The
Heimdal aquifer was described as a recharge area to the New Rockford aquifer in the Wells
County ground—water study by Burtula (1970). The basis for this assumption was the high
water level measured in a well thought to have been completed in the New Rockford aquifer.
The well was located at 149—69—05DDD which is near the Heimdal aquifer. The water level in
this well was much higher than water levels in other New Rockford aquifer wells which were

installed further away from the Heimdal aquifer. Therefore, Burtula (1970) concluded water
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was flowing from the Heimdal aquifer into the New Rockford aquifer. Additional water level
measurements and water quality samples from more recent wells in this vicinity show that data
from the well in 149—69—05DDD are not representative of the New Rockford or the Heimdal
aquifers in this area. The well might have been plugged and/or collapsed which gave erroneous

data.

Manfred Aquifer

The Manfred aquifer is a shallow buried valley deposit that exists in the western part of
the study area. The aquifer is generally less than one mile wide and trends north—south. It
may have been a tributary channel to the New Rockford valley (figure 6, cross—section A—A').
The average thickness is approximately 70 feet (Burtula, 1970). The aquifer consists of fine
sand to cobbles primarily composed of quartz, igneous and metamorphic rock fragments,
carbonates, shale, and large amounts of detrital lignite in some areas. Although the bottom of
the Manfred aquifer is generally 10 to 20 feet higher than the top of the New Rockford aquifer,
it does not appear to overlie any portion of the New Rockford aquifer.

Water in the Manfred aquifer occurs under confined conditions in the study area with
confining lithologies consisting of either glacial till or Cretaceous shales below the aquifer and
glacial till above the aquifer. A potentiometric surface map of the aquifer is presented in figure
10. The movement of water in the northern end of the Manfred aquifer is northward toward
the Sheyenne River valley and New Rockford aquifer. The Manfred aquifer does not appear to
be intersected by the Sheyenne River valley (fig. 6, cross—section A—A'). The difference in
water levels, approximately 80 feet, between the Manfred and the New Rockford aquifers

suggest no direct hydraulic connection (figure 6, cross section A—A').

Hydraulic properties of the glacal till
Nine slug tests were conducted at selected sites within the study area to determine point

values of hydraulic conductivity. Five of these tests were conducted on wells screened in till and
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one test was conducted on a well screened in a lacustrine clay and silt deposit. Three slug tests
were also conducted on sand, and sand and gravel deposits; one test each on sediments of the
New Rockford aquifer, the Heimdal aquifer and on an inter—till sand deposit. The methods of
Hvorslev (1951) and Cooper et al. (1967) were used to analyze the data. The results are shown
in (table 3, p. 83).

Hydraulic conductivity values generally range from 10 to 10* feet per day in sand, and
sand and gravel deposits (Freeze and Cherry, 1979). The one determined value of 144 feet per
day in a New Rockford aquifer well is within this range. This well, 150—70—27DAA1, was
observed to be screened in less permeable sediments than other New Rockford aquifer wells in
the study area. This observation was made by noting its relatively slow pumping rate during well
development. Therefore, hydraulic conductivity values, as a rule, are probably greater than 144
feet per day in the New Rockford aquifer. Water levels in wells screened in the Heimdal aquifer
and an inter—till sand (150—70—27DAA and 149—69—24BCC3, respectively) recovered too fast
during slug testing for time—versus—recovery measurements to be taken. Therefore, relatively
high hydraulic conductivity values are indicated for these sediments also.

Hydraulic conductivity values generally range from 107! to 1077 feet per day in glacial till
(Freeze and Cherry, 1979). Hydraulic conductivity values for unweathered, non—fractured till in
the study area range from 7.00x107* feet per day to 1.6xI073 feet per day (Hvorslev method)
and conform to those reported by Freeze and Cherry. Slug tests completed on two wells in
fractured till show substantially higher values of hydraulic conductivity with values of 2.13x10
feet per day and 5.39x1072 feet per day (Hvorslev method). This demonstrates that hydraulic
conductivities are greatly increased in the till by fracturing. However, as stated before, fractures
were not observed more than 8 feet below the weathered till zone during the continuous core
augering in Phase Il of the study. Therefore, increased hydraulic conductivity due to fracturing
could not be established as an important control affecting the rate of downward movement of

ground water at depth in the study area.
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NESTED PIEZOMETER SITES IN TILL

Six sites were chosen for nested piezometer placement within the study area. At each of
the six sites, groups of piezometers (nests) were installed and screened at various depths to
assess the vertical ground—water movement through the till (figure 11). Table 4 (p. 84) lists
nest site locations with piezometer screen intervals.

The first nest site is located at 149—69—09CBB (figure 11). This site typifies the
geologic setting over much of the study area with approximately 100 feet of till overlying the
New Rockford aquifer. Four piezometers were screened in the till and one piezometer each was
screened in the upper and lower portions of the New Rockford aquifer.

A second nest site is at 149—70—-3CBB (figure 11). This site is also geologically typical
of the study area in that approximately 100 feet of till overlies the New Rockford aquifer. The
site is located a short distance from the Fessenden municipal well field and therefore, the site
was chosen to study the effects on the water levels from pumping. Three piezometers were
screened in till and two piezometers were installed in the upper and lower portion of the New
Rockford aquifer.

A third nest site is located at 149—69—24BCC (figure 11). At this site, an inter—till sand
layer (45 to 60 feet below land surface) occurs in a relatively thick till sequence (138 feet) which
overlies the New Rockford aquifer. The site was selected to evaluate the possible effects of
inter—till sand intervals on recharge to the aquifer. Two piezometers screened in till above the
inter—till sand interval, one in the inter—till sand, and one screened in the upper part of the New
Rockford aquifer. An existing well screened in the lower portion of the New Rockford aquifer at
this site was also used. Another piezometer screened in the till interval immediately below the
inter—till sand was proposed and attempted here, however, this piezometer was not completed
due to caving problems from the inter—till sand.

The fourth nest site is located at 149—69—06DCC (figure 11). At this site, a relatively

thin layer of till (34 feet) overlies continuous sand and gravel deposits which, in turn, overlie the
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New Rockford aquifer. The site was selected because of its potential as a recharge area to the
New Rockford aquifer due to the relatively thin till cover. Three piezometers were screened in
till and three piezometers were screened in the sand and gravel deposits (New Rockford
aquifer).

The fifth nest site is located at 150—70—32ABB (figure 11). At this site, a relatively
thin layer of till (33 feet) overlies approximately 100 feet of silt and clay which overlies the New
Rockford aquifer. The silt and clay deposit is believed to be glaciolacustrine in origin. The site
was selected to evaluate the effect of the lacustrine sediments on recharge to the New Rockford
aquifer. One piezometer was screened in till, three piezometers were screened in the lacustrine
sediments, and one piezometer was screened in the upper portion of the New Rockford aquifer.

The sixth nest site is located at 149—69—04BBB (figure 11). At this site, a 24 foot
thick interval of the Heimdal aquifer overlies 68 feet of till which in turn overlies the New
Rockford aquifer. The Wells County ground—water study (Burtula, 1970) indicated water was
moving from the Heimdal aquifer to the New Rockford aquifer in this area. This site was
selected to further evaluate this relationship. One piezometer was screened in the Heimdal
aquifer, one in till, one in the upper portion of the New Rockford aquifer, and one in the lower
portion of the New Rockford aquifer. Three piezometers screened in the till interval were
proposed; however, only one of these was completed due to caving problems from the Heimdal
aquifer.

The six nest sites define the direction of vertical ground—water flow in the study area.
The vertical hydraulic gradients at the six sites range from 0 to 0.16 ft/ft. At nest sites
149—69-06DCC, 149-69—09CBB, 149—69—24BCC, and 149—70—03CBB, water levels decrease
with increasing depth indicating downward ground—water movement. At nest sites
149-69—04BBB and 150—70—32ABB water levels increase with increasing depth indicating
upward water movement. The upward gradient at 149—69—04BBB indicates water movement
from the New Rockford aquifer upward through the till into the Heimdal aquifer. The

anomalously high water level in the sand and gravel deposit at 150—70—-32ABB compared with

32



the rest of the aquifer indicates it is separated hydraulically from the aquifer. The upward
gradient here indicates the sand and gravel unit is under enough hydrostatic pressure to cause
upward water movement. The anomalously high hydrostatic pressure may be due to the weight

of overlying sediments on this isolated sand and gravel interval.
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CHEMICAL ANALYSIS
General Statement

Several processes in nature affect the ground water from its inception to the subsurface
flow system to the time it is discharged from the system. The statement by Shaver (1985),
best summarizes the problem the ground—water hydrologist faces when interpreting the
ground—water chemistry in a glaciated prairie environment: "The water chemistry at any point
in the flow system is the result of various combinations of processes which operate interactively.
Therefore, it is difficult to verify the impact of each process on the observed water chemistry."

A major objective of this study is to assess the ground—water chemistry and its relation
to the flow system. The development of a conceptual hydrogeochemical model is essential to
adequately account for the observed water chemistry.

The conceptual model of the ground—water chemistry must account for the generally
high dissolved solids concentration at the water table in the till as well as throughout the flow
system. |t must also account for the predominance of sodium (Na) and bicarbonate (HCOj3) in
some waters and calcium (Ca), Magnesium (Mg), and sulfate (SO4) in others.

The overall objective of the chemical analysis of the ground water in the study was to
substantiate and/or further define the conceptual model of the ground—water flow system. The
temporal and spatial distribution of chemical constituents may be used to indicate time and

place of recharge, place of discharge and residence time within the aquifer.

Conceptual Hydrogeochemical Model
The first major process in the geochemical evolution occurs when the water passes
through the organic rich soil horizons and acquires hydrogen ions (H*) and hence lowers the pH.
The H* are supplied primarily by three sources:
1) carbonic acid (H2CO3) from the decay of organic carbon compounds.
2) sulfuric acid (H2S04) formed by the oxidation of organic sulfur (S).
3) sulfuric acid (H2S04) formed by the oxidation of pyrite (FeSs).
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The formation of carbonic acid depends on the partial pressure of COy in the
organic—rich horizons of the soil. The partial pressure of CO; is typically much higher in the soil
than it is in the earth's atmosphere due to the decay of organic carbonaceous material. The
partial pressure of CO, in the soil is important because the CO, will react with water to form
carbonic acid as follows:

COo(gas) + Hy0 —— HyCO3

Another acid producing element in the soil is organic sulfur. Organic sulfur enters the
soil in the form of plant residues, animal wastes, chemical fertilizers, and rain water (Alexander,
1977). Also, organic sulfur was incorporated into the till in the form of coal chips and
disseminated organics from the bedrock during glaciation (Hendry, 1984). The oxidation of
organic sulfur which produces sulfuric acid is as follows:

25 + 302 + 2Hy0 —— 4H* + 25042
The third acid producing reaction, the oxidation of pyrite, is expressed as follows:
4FeSa + 1502 + 14H30 —— 4Fe(OH)3 + 16H* + 850,42

In the three H* producing reactions above, the resulting pH of the ground water in the
absence of buffering would become very low. However, if minerals are present that result in
reactions that consume H*, the pH will not decline as much as indicated.

The next major geochemical process, then, is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>